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Abstract: The band bending of the potential at the AlGaAs/GaAs interface increases with the
electrons concentration in the GaAs channel. This band bending is often ignored in the theoretical
calculation of the electronic energies and a linear potential approximation was used. This led to
imprecise energy values and occupied subband configurations. We have taken account of the band
bending in the subband energies calculation. The potential expression was considered as sum of linear
and quadratic terms. The quadratic term was considered as a time independent perturbation and the
electronic energies were corrected to the first order. We have calculated the Fermi energy for different
electronic concentrations. The relation between the Fermi energy and the electronic concentration at
the interface leads to the desired configuration of the occupied subbands. When the fundamental
subband is only occupied, the characteristics of those heterostructures are best enhanced. The
corresponding electronic concentration was calculated. The theoretical results were used for the
determination of the active electron concentration in two AlGaAs/GaAs heterostructures.
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INTRODUCTION interface. The resolution of the Poisson equation gins
rise to an approximated potential V' (z) = az — bz

In AlGaAs/GaAs heterostructures, a two The linear term is first considered in the Schrodinger

dimensional electron gas (2DEG) is formed in the GaAs
channel near the AlGaAs/GaAs interface!". In the plane
of the 2DEG, electrons haIVf hig_}b mobility and high
concentration reaching 10"~ cm ~ 21, Those electron
characteristics are used in the fabrication of high speed
optoelectronic devices. More sophistically device
engineering requires an accurate knowledge of
subbands structure and Fermi’s level localisation.

In AlGaAs/GaAs heterostructures, electronic
structures are often numerically calculated using self
consistent resolution of Schrédinger and Poisson
equations”™® or using SILVACO Mercury software. In
theoretical band structure calculation, the GaAs
conduction band bending near the AlGaAs/GaAs
interface is often ignored, and a triangular potential is
considered . Schubert and all have approximated the
GaAs band edge by a polygonal curve "” and the
electron energy is calculated by matching the electron
De Broglie wave light and the width of the triangular
well.

In this paper, we show that the triangular potential
introduced in the current density equation gives rise to a
spatial dependence of the electronic concentration
which can be approximated by a linear function
depending of the distance z to the AlGaAs/GaAs

equation and the electronic energies and wave functions
are calculated in the basic of the effective mass
approximation. The quadratic term is treated as a time
independent perturbation and the electronic energies are
corrected to the first order. The configurations of
occupied subbands are related to the Fermi energy. This
energy is calculated for different concentration of the
two dimensional electron gas.

Electrical field and potential expressions near the
AlGaAs/GaAs interface: Near the AlGaAs/GaAs

interface, a linear potential V(z)=az is often

considered. By writing the current-density and the
Poisson equations, we will carry the electrical field and
potential expressions.

The current-density equation for electrons in
the GaAs channel is:

enyppGHeE +eDeVnyppg =0 (1)
E is the electrical field. nyppG . €, U, and De are

electron concentration, charge, mobility and drift
coefficient respectively.
The resolution of equation (1) gives:
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For weak wvalue of z, one can write:
nypeG(2) =—a(z—z)

a eD
Where o :%”ZDEG (0) and z, = is the
e.

e Hea
flat band beginning abscise.
In the two dimensional electron gas approximation,

all electrons are supposed to be in the interface plane
where the electron concentration is 7y ppG - We can

write:
)
MIDEG = In2DEG (2)dz
0
2n
This gives: @ = %
20
The resolution of the Poisson equation gives:
2 2
ea Z z
E(:)==> 1)
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and V' (z) =—— 20,2052 +—)
2 2 6
Where & is the GaAs dielectric-permittivity constant
To the first order approximation we have
2 2 2
e oz en
V(z)= 0 ,= ZDEG , _ 47, then
&
2
_ € MpEc
&

To the second order approximation, the potential is:

V(z)=az—- bz?

a
V(z) is constant for z > z), then b = —

20
Subband energies in the triangular potential: In the
basic of the effective mass approximation, the
Schrodinger equation in the GaAs channel is:

2 2
P P -
(—//* + —L* +az)y(r) =
2I’I1// m

(E - EJ™S) y(7) @)
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P//, m;k/ and P L, mi are electron momentum and

effective masse in the directions parallel and

perpendicular to the interface respectively. £ g ads is

the GaAs band gap.
In literature, no difference between the effective masses

* k .
my; and m | were reported, we then write:

* * *
my=m| =m
The calculus of the wave functions and energies are
given in the appendix. The wave function is W/ (7) =

| B - -
_ezk//r// @(z), where k; and 7y are the wave

NG

and position vectors parallel to the interface
respectively.
. . . 2m a3
@(z) is the Airy function A4; (( ) (z—- ))
2 k2
and the energy is £; = &; + E Gads i/ with
2m

3 2 " 2 2 2

7.5 he“n 5 =

5 = (3 =D +079)3 @)
\N2m €

Where i =0,1,2,3...

For m" =0.067*m and

£=1301%8.85%10"125] | the energy &; (meV )

is given by:

2 2
&;(meV) =0.997 * 10_61123’DEG (i+0.75)3 &)

Where 11y pp is expressed in em ™2

We mismatch the subband energies calculated by the

expression (4) and those found in literature, for the
2DEG concentration 7y ppG = 9. 101 em™2 . The

energies £ and &) of the fundamental and the first

excited levels respectively are given in table 1.

Energy correction: The first order correction of the
energy &; is:
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Table 1: Energies £ and &1 of the fundamental and first excited levels in the triangular potential of the AlGaAs/GaAs

heterostructure. The first row shows energies given by this work. The other rows show energies found in literature.

References This work [3] [9] [10] [11] [12,13] [14]
Energies
&g (meV) 51.8 45.7 69.8 64.5 50 67.9 73.1
g1(meV) 91.2 71.9 122.7 76.0 73 93.2 93.2

Table2: & and ,B values, and fundamental and 5 first excited levels energies before and after corrections for

— 0
" DEG =5%10"em™2 and z, = 500.A

i 0 1 2 3 4 5
a -0.779 -1.363 -1.840 2262 -2.648 -3.008
B 1.093 3342 6.095 9212 12.622 16.282
g;(meV) 51.8 91.2 1233 151.6 177.5 201.6

(¢: + 8(1) YmeV') 49.3 83.2 108.7 129.6 147.3 162.6
L 1

2 2
(Z2)|—b (Z 1 :
eM = (@i(Z2)|-bz" | i (2)) ) eM- -1 0362%102 &,
(@i (2)| 9i(2)) =0 "2DEG
oma s
Where Z = ( mz")3(z—f) .
h a 1.602%10° ag;ny fyps +
1) a & g h* ! !
e =—— L 1 2L 34 -2 3
T T 1773%102 8 n3 s )
n? % 0 2
/3(2 )0 Zy, NopEG and &; are expressed in A, cm ~ and
ma meV respectively.
1, -2 0
I Iy 99 For nyppg =5*10" "cm andz, =500 A
Where & = E’ B= I_()i’ loi = rj Ai (2)dZ, the @ and f coefficients and the corrected energies

! for the fundamental and the five first excited levels are

given in table 2.

0 o0
Th luti ith f th ies &;
I = J-ZAl-z(Z)dZ and I; = .[ZZAZ-Z (2)dZ e evolutions with 7y ppG of the energies &;

7

l and &; + gi(l) for i=0, 1 and 2 are represented in

Ti
Q)] figure 1. For each level, the energy correction is

loi, Iyj et Ip; are calculated by computer. &; 7 is negative, its absolute value increases with increasing

related to &, MYDEG and Z by: N2 DEG -
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Fig. 1: Evolution with 1) pp(; of the fundamental, two first

excited and Fermi levels energies before and after the
correction.

The evolutions with the well width zg of the
energy correction for the three levels are represented in
figure 2. For weak z() value, the band bending is more

pronounced near the AlGaAs/GaAs interface, the linear
potential approximation is insufficient and the energy

correction for each level is important. For large Zz(

value, the potential is rigorously linear near the
AlGaAs/GaAs interface and the energy correction is
weak.
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Fig.2: Evolution with the potential-well width of the

energy corrections of the fundamental (a), the first
(b) and second (¢) excited levels

The Fermi energy: The over all electron concentration
in the two dimensional electron gas is given by!'”!
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EF —¢&;

m
"y DEG 2—3 KTZ LOg(1+€ KT ) (6)
7h i

Where T and K are temperature and Boltzman constant.

nypEG could be written:

") DEG
¢F —¢&i
:m—ezKTLog(ﬂ-(1+e KT ))=m—ezKTLogA (7)
7h i 7h
Where
_fo N _EN
A=0+ae KT)1+ae KT).. (1+ae KT)

éF
With a =e&T and & N is the energy of the upper
confined level
_fi
The condition &;> KT is often satisfied, thus e KT

is weak and we can approximate A to the second order
in @ and Write'

_fo N i f1 N i _EN-1 _EN

A= l+aZeKT+a (e KTZeKT+e KTZeKT+ +e KT ¢ KT)
i=0 i=1 i=2
(®)
We put:
N _&
0£=Z e KT and
i=0

N-1 % N
ZeKT(ZeKT) )
i=j+1
The equat1ons (8) and (9) give:
ﬂhz
1+ aa+ ﬂaz =A= emeKanEG
The resolution of (10) gives:

(10)

m\Z
N _& N ¢ N-1 L N
S KT+\/(Ze KT 4 KT DY e KI(Ye KT)

i=0 i=0 Jj=0 i=j+l

&g =KTLo, -
N-1 5N
zze I(T( Ze I(T)

Jj=0 i=j+1

The Fermi energy £ is calculated by computer. The

evolution of & with ny pp is shown in figure 1.
The fundamental level is populated for
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Nyppg>6.3* 10" em™ . The first excited level is

2

populated for 1y ppg>4.8* 102 cm™ . The

Ny pEG can be related to the doping concentration,

which choice leads to the desired configuration of the
occupied subbands.

CONCLUSION

In GaAs channel and near the AlGaAs/GaAs
interface, the potential is approximated by the

expression V(z)=az —bz%. The quadratic term is

weak compared to the linear one. To first
approximation the potential is triangular. The subband
energies and wave functions are exactly calculated in
the basic of the effective mass approximation. The
quadratic term is considered as time independent
perturbation, and energies are corrected to the first
order. The calculated subband energies agree well with
that found in literature.

The Fermi energy is calculated for different

"M2DEG

electron gas. The concentration 75 ppG can be related

concentrations of the two dimensional

to doping concentration, thus the desired configuration
of the occupied subbands will be obtained by the choice
of the doping concentration.
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